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LIQUID DISPENSING DEVICE EQUIPPED
WITH AN AIR DUCT

FIELD OF THE INVENTION

The present invention relates to the field of dispensing
liquid, in particular in the form of drops, in the pharmaceuti-
cal field, e.g. liquid for the eyes, the nose, the mouth, or the
ears. More particularly, the invention relates to dispensing
liquid without preservative, using a deformable reservoir with
air intake.

The term “liquid” is used to designate a preparation that is
non-solid and non-gaseous. It should be understood that the
preparation may be liquid to a greater or lesser extent,
depending on its viscosity, e.g. it may be pasty or semi-liquid.

BACKGROUND OF THE INVENTION

The current tendency is to provide preparations, in particu-
lar ophthalmic liquids, without preservative. The dispenser
device must guarantee the sterility of the preparation through-
out the working life of the bottle containing the liquid to be
dispensed.

In an example, as described in document W092/01625,
such a dispenser device comprises a reservoir and a dispenser
endpiece that is mounted on the reservoir and that is provided
with a liquid dispenser orifice. The user applies pressure on
the reservoir by deforming it, and, under the effect of the
pressure, a drop is formed at the outlet of the dispenser orifice.
Once the drop has been delivered, the user relaxes the pres-
sure and the reservoir tends to return to its initial shape,
thereby generating suction inside the reservoir. In order to
compensate the suction and enable the reservoir to return to
its initial shape, the endpiece of the device includes an air
intake for admitting air into the reservoir. In order to ensure
that the incoming air cannot contaminate the liquid contained
in the reservoir, a hydrophobic filter is positioned in the air
passage. The filter avoids micro-organisms and dust entering,
while preventing liquid from exiting. The pore size of this
type of filter is generally about 0.2 micrometers (um), such
that it prevents entry of most micro-organisms (e.g. Brevun-
dimonas Diminuta bacteria which have a size of about 0.2
pm).

A problem with that type of device resides in the fact that it
is very difficult to guarantee the integrity of used filters. In
particular, it is difficult to test proper operation of the filter
after it has been mounted on the endpiece, since the filter
would then need to be tested in the presence of water or gas,
thereby implying a risk of contamination or degradation dur-
ing the test stage. Furthermore, none of the tests makes it
possible to detect very small defects in the filter in a short
period of time, compatible with manufacture at a very high
rate.

OBIJECTS AND SUMMARY OF THE
INVENTION

A particular object of the present invention is to provide a
liquid dispenser device with air intake that reliably guarantees
the sterility of the content of a reservoir.

For this purpose, the invention provides a liquid dispenser
device comprising:

an air flow channel for passing air from the outside towards

the inside of a liquid reservoir;

a closure member for closing the air flow channel, said

closure member being referred to as an “air diffuser
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member” and being made out of a non-porous polymer
material that is permeable to air; and

an isolator casing for isolating the diffuser member, said

isolator casing being configured in such a manner that
the diffuser member is not in contact with the liquid from
the reservoir, the casing including an air flow element for
passing air towards the inside of the reservoir.

Itis therefore proposed to perform the function of taking in
air and blocking air-borne micro-organisms, not by an air
filter, but by using the gas diffusing properties of certain
materials. Thus, a member of a type other than a filter is used,
namely a member made of non-porous polymer material.
Such a member presents the advantage of passing non-con-
taminated air in a manner that is more reliable than a filter,
which is porous by definition. With a non-porous member, it
is easier to test whether there is any leak due to poor assembly
or to a defective member.

The term “non-porous” material means a solid material,
without any holes, that prevents the passage of particles such
as bacteria, e.g. blocking the Brevundimonas Diminuta bac-
teria having a size of about 0.2 um. The diffuser member
differs from a filter. The non-porous material proposed for the
air diffuser member is made up of a polymer that is used in its
raw form, e.g. after being subjected merely to injection or to
compression, while a porous material such as the material of
afilter is made up of a polymer that has also been subjected to
steps of generating pores or interstices, such as stretching the
material or adding solvent to the polymer. Since the material
is non-porous, it is liquidtight and does not allow particles
such as dust or micro-organisms to pass therethrough. In
contrast, the material is permeable to gases, in particular to
air, as a result of it enabling molecules of the gases to be
diffused. In other words, the non-porous material proposed
above has gas permeability that allows air molecules to pass
through an optionally cross-linked lattice of tangled molecu-
lar chains, so as to allow air to pass by diffusion through the
diffuser member.

As a result of the material being non-porous, it should be
observed that the passage of air through the member is a
process that is slower than through a filter, which process may
take several minutes, or several hours. For example, for a
device that has enabled six drops to be dispensed, i.e. about
240 microliters (uL) of liquid, suction is almost compensated
after twelve hours, i.e.

the pressure inside the bottle is then substantially equiva-
lent to the pressure outside it. Such a return to a pressure that
is close to the outside pressure might seem long, but the
inventors of the invention have observed that this is not really
troublesome, in particular when the volume of liquid dis-
pensed at each administration is small, or when the time that
passes between two successive administrations is long. This
is the situation for example when dispensing drops of liquid,
in particular drops of ophthalmic liquid.

Since the member does not include pores, it should be
observed that there is no risk of clogging due to micro-organ-
isms and dust accumulating in the pores.

This type of member of may be tested very easily after
being mounted on the endpiece, without contaminating or
degrading the member. For example, it is possible to apply air
pressure to one side of the member and to measure the pres-
sure on the other side after a few seconds. Since the process
that makes it possible to balance the pressures on each side of
the member is a process that takes several minutes or several
hours, and not a few seconds, the time scale is not the same as
for testing a filter. Also, at the one-second time scale, a non-
defective member would not enable any loss of pressure to be
detected, whereas a flagrant drop in pressure would be
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observed if the member were defective or poorly mounted on
the endpiece. Such tests are easier, quicker, and more reliable
than the tests that are usually performed on filters and that risk
contaminating them or degrading them, or that provide rela-
tively limited information if they are statistical tests on
samples destroyed during the tests.

It should be observed that the air diffuser member is easy
and inexpensive to manufacture. It thus differs from the
hydrophobic filter that has the function of blocking air-borne
micro-organisms, this filter possibly being costly to make,
firstly in order to provide fine filtration, and secondly in order
to ensure its integrity.

Furthermore, the isolator casing provided around the air
diffuser member makes it possible to avoid the liquid for
dispensing coming into contact with the diffuser member, and
makes it possible to avoid the phenomena of sorption of
molecules from the liquid occurring on the diffuser member,
i.e. the phenomena of a molecule being absorbed in or
adsorbed on a surface, or both. Sorption phenomena are par-
ticularly critical when the concentration of active principle in
the solution is small, since they do not make it possible to
guarantee that the required quantity of active principle will
continue to be dispensed over time. If the active principle
reacts in optionally-reversible manner with the material of the
diffuser member when they are in contact, its concentration in
the solution decreases and may become too small, thereby
preventing the expected quantity of medication to be dis-
pensed. Also, the isolator casing is particularly advantageous
for liquids in which one of the components may interact with
the air diffuser member, and in which the concentration of
active principle in the solution is less than 1% by weight, or
even less than 0.01% by weight, e.g. such as solutions based
on prostaglandin or on a prostaglandin analog, in particular
for treating glaucomas.

It should be understood that the isolator casing allows airto
pass from the outside towards the inside of the reservoir by
means of the air flow element, and prevents liquid from pass-
ing towards the inside of the casing.

The dispenser device may further comprise one or more of
the following characteristics taken alone or in combination.

The air flow element is a hydrophobic filter. This filter does
not necessarily need to have the function of preventing
the particles present in the air from entering into the
reservoir, this function being provided by the diffuser
member, but need only have the function of preventing
liquid from penetrating into the casing. As a result of the
presence of the diffuser member, it should be observed
that the filter is of design that is simpler than that usually
used for a hydrophobic filter since it does not need to
have a pore size as small as 0.2 um since it does not serve
to prevent micro-organisms from penetrating into the
reservoir. By way of example, it is possible to use a filter
having a pore size that is greater than 1 pum, e.g. close to
10 pm.

The air flow element is a check valve. Thus, it is possible to
provide a simple air flow element.

The casing includes a fastener piece for fastening the air
flow element, the piece including a cylindrical skirt in
which there is fitted a clamping ring for clamping the air
flow element against the fastener piece. This makes it
easy to assemble the air flow element, by pinching
between the fastener piece and the clamping ring.

The casing includes an end wall and a fastener piece for
fastening the air flow element, the piece including a
positioner abutment for positioning the diffuser member
against the end wall of the casing. In this way, it is
guaranteed that the diffuser member is suitably posi-
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tioned against the end wall of the casing, and thus that
any air entering the device passes through the diffuser
member by diffusion. By way of example, the positioner
abutment is carried by an annular wall of the fastener
piece, which abutment is inserted into a sleeve defining
the end wall of the casing, and comes to push the diffuser
member against the end wall.

The casing includes an outer surface that defines a liquid
flow channel, at least in part. The liquid therefore does
not enter into contact with the member.

The liquid flow channel is a flowrate reducer channel.
Thus, it is possible to create head losses within the liquid
flow channel, e.g. by sudden changes of direction and/or
of section, so as to provide better control over the quality
of dispensing, in particular as a function of the viscosity
of the liquid and of the size of drops that it is desired to
dispense.

The device includes a support in which the air flow channel
is formed, and in which the casing provided with the
diffuser member is fitted. For example, the support
includes a central tubular cavity into which the air flow
channel opens out, and inside which the casing provided
with the member is fitted. Preferably, the support co-
operates with an outer surface of the casing to define a
liquid flow channel. In addition, the support is advanta-
geously a support for a dispenser valve for dispensing
the liquid.

The diffuser member is provided with a plurality of por-
tions in relief, so as to increase the surface area for
passing air by diffusion.

The polymer material of the diffuser member comprises a
silicone rubber based elastomer. The gas permeability of
this type of elastomer makes it possible to further
enhance the air intake process.

The invention also provides a method of assembling a
device as defined above, in which method the device includes
a support, and the method comprises a pre-assembly step of
assembling the diffuser member in the casing, then an assem-
bly step of assembling the casing, provided with the diffuser
member, on the support. This method of assembly is simple to
implement, in particular because the pre-assembly of the
member in the casing avoids any need to mount the diffuser
member and the air flow element separately on the device.

BRIEF DESCRIPTION OF THE DRAWING

The invention can be better understood on reading the
following description given merely by way of example, and
with reference to the drawing, in which:

FIG. 1 is a diagrammatic section view of a liquid dispenser
device in a first embodiment;

FIG. 2 is an exploded perspective view of the casing and of
the diffuser member of the FIG. 1 device; and

FIG. 3 is an exploded perspective view of a casing and of a
diffuser member of a device in a second embodiment.

MORE DETAILED DESCRIPTION

FIG. 1 shows a liquid dispenser endpiece 10 for dispensing
liquid in the form of drops, which endpiece is for mounting by
screw-fastening on the neck of a reservoir 12. The reservoir
12 is a liquid storage reservoir, e.g. pharmaceutical liquid
such as an ophthalmic liquid. The reservoir 12 is deformable
in such a manner as to dispense liquid by squeezing the
reservoir. More precisely, liquid is dispensed by a user apply-
ing pressure on the body of the reservoir 12, said body pos-
sibly presenting a certain amount of elasticity so as to return
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to its initial shape after pressure has been exerted by the user,
thereby generating suction inside the reservoir 12.

In this embodiment, the dispenser endpiece 10 comprises:
a support 14; a dispenser valve 16 that is provided with a
dispenser orifice 18; return means 20 for returning the valve
16 against the support 14 in the blocking configuration, which
return means are, in this embodiment, made up of a washer
made of plastics material; and a cover 22. The endpiece 10
defines a liquid flow channel 24 for passing liquid from the
reservoir 12 towards the dispenser orifice 18, shown by an
arrow in FIG. 1, and an air flow channel 26 for passing air
from the outside towards the inside of the reservoir 12. The
channel 26 is closed by an assembly 28 including an air
diffuser member 30 that is arranged in an isolator casing 32
for isolating the diffuser member 30.

In this embodiment, the support 14 includes an inner skirt
34 of tubular shape that extends upstream and that makes it
possible to provide sealing between the reservoir 12 and the
dispenser endpiece 10, and an outer skirt for fastening on the
neck 12 of the reservoir, e.g. by screw-fastening.

It should be understood that the upstream direction and the
downstream direction are defined relative to the flow direc-
tion of the liquid while it is being dispensed.

The support 14 also includes a central sealing portion 36 of
substantially-cylindrical shape that extends downstream,
away from the skirt 34. On its downstream end, the portion 36
carries a bearing surface 38 for the valve 16 for preventing
liquid from passing in a blocking configuration. In this
embodiment, the bearing surface 38 takes the shape of an
annular bead.

In this embodiment, the support 14 defines the air flow
channel 26 for passing air towards the inside of the reservoir
12. The channel 26, which opens out to a central cavity 40 of
substantially-cylindrical shape, having an axis that coincides
with the longitudinal axis of the device, is defined in part by
an annular wall 41 of the support. At its proximal end, the
cavity 40 receives the diffuser member 30. The air passage
channel 26 is molded entirely in the support 14. It should be
observed that the channel 26 may optionally include a plural-
ity of sections of diameter that decreases on going away from
the periphery of the support 14 and towards the center of the
support 14, so as to facilitate molding operations and make
the molding tools easier to make.

FIG. 2 shows an exploded perspective view ofthe assembly
28. In this embodiment, the casing 32 includes a sleeve 42 of
substantially-tubular shape that is provided with an end wall
44 that includes a central orifice 45 that is substantially cir-
cular. The sleeve 42 defines a cavity 46 in which the diffuser
member 30 comes to be housed.

The casing 32 also includes a fastener piece 48 that
includes a transverse wall 60 that carries a first tubular skirt 50
that extends upstream and that co-operates with the wall 60 to
define a cavity 52, and a second tubular skirt 58 that extends
downstream, which second skirt is of diameter that is less than
the diameter of the first skirt 50. The transverse wall 60 is
perforated with at least one orifice 61 that makes it possible to
pass air.

The second skirt 58 of the fastener piece 48 forms a posi-
tioner abutment for positioning the diffuser member 30
against the end wall 44 of the sleeve 42. Thus, the diffuser
member 30 is pinched between the end wall 44 of the sleeve
42, and the second skirt 58 of the piece 48. The fastener piece
48 is held in place inside the sleeve 42 by co-operation
between an annular bead 49 and an annular groove 47, carried
respectively by an outer surface of the fastener piece 48 and
by an inner surface of the sleeve 42.
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The cavity 52 of the fastener piece 48 receives an air flow
element 54 that is held by being clamped in the cavity 52 by
a clamping ring 56 that is fitted in the first skirt 50. In the
present embodiment, the air flow element 54 is clamped by
co-operation between an annular bead 62 of the clamping ring
56 and an annular groove 64 that is carried by the inner
surface of the first skirt 50 of the fastener piece 48. This
method of clamping is simple and effective. However, the air
flow element 54 could also be adhesively-bonded, molded, or
welded, e.g. by ultrasonic welding, on the fastener piece 48.

In FIG. 2, the air flow element 54 is a hydrophobic filter 66
that allows air to pass, but prevents liquid from passing. The
element 66 does not have an anti-bacterial or anti-particle
barrier function since this function is provided by the air
diffuser member 30. Thus, the only functions of the element
66 are to prevent liquid passing towards the air diffuser mem-
ber, and to enable air to penetrate into the reservoir, there is no
need for a blocking function for preventing micro-organisms
that are present in the outside air from passing. The filter 66
may be in the form of a disk of small thickness.

The diffuser member 30 is made out of polymer material
that is permeable to air, the material being non-porous, not
allowing particles or micro-organisms to pass therethrough
(e.g. bacteria of size greater than 0.2 um), but allowing mol-
ecules to diffuse therethrough, such as the gas molecules
contained in air. Thus, air passes through the diffuser member
30 by gas diffusing through the member 30. The polymer
material comprises an elastomer material, namely, in this
embodiment, a silicone rubber based elastomer, such as poly-
di-methyl-siloxane (PDMS). The member 30 is generally
cylindrical or conical in shape. It presents a central axis that
coincides with the central axis of the endpiece 10, these axes
corresponding to the liquid dispensing direction. More pre-
cisely, the member 30 comprises an “air diffuser” wall 68 of
thickness that is relatively thin so as to encourage the
exchange of gas, and a base comprising an annular fastener
collar 70 for fastening on the endpiece 10, the collar 70 having
athickness that is relatively thick, and at least greater than the
general thickness of the diffuser wall 68.

In this embodiment, the diffuser wall 68 includes a plural-
ity of portions in relief that make it possible to increase the
surface area for exchanging air between the inside and the
outside of the reservoir 12, but without greatly increasing the
bulkiness of the member 30. The portions in relief are formed
in the wall in such a manner that it preserves its relatively thin
thickness so as to allow air to pass therethrough. The portions
in relief may also make it possible to stiffen the member 30,
and thereby avoid using any reinforcement. In this embodi-
ment, the portions in relief have a clover-shaped section.

The assembly 28, including the casing 32 and the diffuser
member 30, is mounted as a single piece by clamping the
collar 70 and the sleeve 42 mechanically on the outer surface
of'the annular wall 41 of the support 14. More precisely, the
inside diameter of the collar 70 is slightly smaller than the
outside diameter of the wall 41, such that the collar 70 is
fastened on the wall 41 by radial clamping as a result of its
springiness.

Optionally, it is also possible to provide mechanical fas-
tener means for mechanically fastening the collar 70 on the
wall 41, e.g. snap-fastener means such as an inner annular
bead provided on the collar 70 snap-fastening in an annular
groove provided on the outer surface of the wall 41. The
central orifice 45 of the sleeve 42 has an inside diameter that
is slightly smaller than the outside diameter of the wall 41,
thereby making it possible to fasten the sleeve on the support
in manner that is liquidtight.
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By means of the casing 32 defined by several distinct parts,
namely the sleeve 42, the fastener piece 48, the air flow
element 54, and the fastener ring 56, the diffuser member is
isolated completely from the liquid flow channel 24 once the
liquid dispenser device 10 has been assembled. Thus, no
phenomena of sorption of molecules from the liquid to be
dispensed can occur on the air diffuser member 30. It should
be understood that since the diffuser wall 68 of the member
presents a surface area that is relatively large, it is advanta-
geous to avoid any phenomena of sorption on the wall 68.
This is even more important when the molecules of the active
principle are at a low concentration in the solution, which is
the situation in this embodiment, in which the liquid to be
dispensed includes prostaglandins.

Furthermore, the casing 32 includes an outer surface that
defines at least one liquid flow channel 24. Furthermore, in
this embodiment, the liquid flow channel 24 also has a func-
tion of limiting the rate at which liquid flows. More precisely,
on its outer annular surface, the sleeve 42 includes a plurality
of channels 72, shown in particular in FIGS. 1 to 3, and
co-operating with the inner surface of the skirt 34 of the
support 14 to define liquid flowrate reducer channels 74. The
channels 74 have a diameter that is relatively constricted so as
to reduce the pressure of the liquid when the user squeezes the
reservoir 12. In a variant, the channels 72 could present varia-
tions in direction or in section, or could even be helical in
shape. Depending on the number and on the size of the chan-
nels 72 placed facing the inner surface of the skirt 34, the
flowrate at which the liquid is able to leave can be made
greater or smaller.

In addition, the support 14 includes a fastener portion 76
for fastening the dispenser valve 16 on the support 14. The
portion 76 also acts as a fastener portion for fastening the
cover 22 on the support 14. It includes an annular groove 78
that is defined at its periphery by an annular wall 80. On its
inner periphery, the annular groove 78 is also defined by an
annular rib that is formed on a substantially disk-shaped wall
through which the channel 24 passes.

By co-operating with the support 14, the dispenser valve 16
may take up both a blocking configuration and a liquid flow
configuration. In this embodiment, it is made out of an elas-
tomer material. In another embodiment, only a portion of the
valve 16 is made out of an elastomer material, the other
portion being made out of a stiffer material against which the
return means 20 can bear. The valve 16 includes a fastener
portion 82 for fastening to the support 14, which fastener
portion forms a skirt of a shape that is substantially tubular.
The fastener portion 82 is connected to a substantially disk-
shaped web 84 from which a substantially-cylindrical central
portion 86 projects. The web 84 also includes a bearing seat
88 against which the return means 20 bear. The portion 86
defines an inner cavity of substantially-cylindrical shape that
is complementary to the portion 36. The portion 36 and the
cylindrical portion 86 are coaxial and co-operate with each
other to define a portion of the liquid flow channel 24. The
liquid flow channel 24 opens out to the dispenser orifice 18
that is formed in the downstream end of the valve 16, which
dispenser orifice opens out to a drop-forming shape 90.

The cover 22 includes an annular fastener portion 92 for
fastening on the support 14, and another annular portion 94
that is coaxial with the portion 92 so as to define a groove 96
in which the annular wall 80 is engaged. The cover 22 also
includes a bearing seat 98 against which the return means 20
bear, which bearing seat is extended over its inner periphery
by an annular wall 100 through which the portion 86 passes,
which annular wall has a centering function for centering the
portion 86 of the valve 16.
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The device 10 also includes a removable cap 102 that
includes a portion 104 of substantially conical shape that
complements the drop-forming shape 90. The portion 104
makes it possible to avoid the non-dispensed liquid stagnating
in the drop-forming shape 90 when the cap is mounted on the
device. Furthermore, in its surface for coming into contact
with the drop-forming shape 90, the portion 104 includes a
plurality of channels 106 that encourage expelling any liquid
from the shape 90, which liquid might otherwise stagnate
therein, and there is no risk of the liquid being able to pen-
etrate back into the device.

The operation of the FIG. 1 device is described below.

Atrest, i.e. when no user is pressing on the reservoir 12, the
valve 16 is in its liquid blocking configuration, i.e. it bears
against the surface 38 as a result of it being fastened in
permanent manner on the support 14, exerting resilient stress
on the valve, and as a result of the pressure exerted by the
return means 20.

When a user presses on the reservoir 12, a pressure is
exerted on the fluid which flows into the liquid flow channel
24, and, in this embodiment, the flow reducer channel 74, it
not being possible for a liquid to pass through the casing 32.
While flowing in the channel 74, the flowrate of the fluid
reduces as a result of head loss. Under the effect of pressure,
the fluid deforms and lifts the valve 16 which then passes into
its liquid flow configuration, the fluid flows between the valve
16 and the bearing surface 38, and then passes into the chan-
nel 18 and into the cavity 90 in the form of drops.

Once the drop has been dispensed, the user relaxes the
pressure on the deformable reservoir 12, which tends to return
to its initial shape, thereby generating suction inside the res-
ervoir 12. The valve closes immediately under the action of
the return force of the return means 20: therefore no liquid
returns inside the device. The suction is compensated by an
intake of outside air coming from the air flow channel 26
through the air diffuser member 30 that is air permeable. It
should be observed that as a result of the material constituting
the member 30 being non-porous, the passage of air through
the member 30 is a process that takes several minutes, or even
several hours, and not a few seconds.

Thus, taking, by way of example, a device that has a capac-
ity of 12 milliliters (mL), filled with 10 mL of an ophthalmic
solution and provided with an air-permeable member com-
prising PDMS having a permeability to oxygen of 1.4*107*3
mol*m™*Pa~'*s~! (moles per meter per Pascal and per sec-
ond), an exchange surface area of 90 square millimeters
(mm?), and a thickness of 0.4 millimeters (mm), dispensing
six drops of solution under atmospheric pressure, i.e.
40*6=240 microliters of liquid, creates suction of about 95
millibars (mbar) that is almost compensated in twelve hours
(more precisely, about 90 mbar is compensated after twelve
hours have elapsed).

Given that the wall of the member 30 is not porous, the time
taken for air to enter into the reservoir 12 is approximately the
same regardless of whether or not the device is in its “head
down” position. Air can then pass through the hydrophobic
element 66 so as to compensate the suction created within the
device as aresult of'a drop of liquid being dispensed. It should
thus be understood that the factor that limits air intake is the
gas permeability of the member 30 and not the hydrophobic
element 66.

It should be observed that by means of the isolator casing
32, the member 30 does not come into contact with the liquid
to be dispensed.

It should be observed that the member 30, being a separate
part, may have a shape that varies as a function of the appli-
cation, of the desired air intake time, and/or of the desired
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flowrate reduction. It is thus possible to manufacture batches
comprising endpieces presenting the same valve 16, the same
support 14, the same cover 18, but presenting a variety of
members 30.

Assembly of the FIG. 1 device is described below.

In a first assembly step for assembling the assembly, the
diffuser member 30 is placed in the cavity 46 of the sleeve 42,
then the fastener piece 48 is inserted, being held by the bead
49 snap-fastening in the groove 47. The hydrophobic element
66 is then placed in the cavity 52 of the fastener piece 48, and
it is clamped by means of the fastener ring 56 being snap-
fastened in the first skirt 50.

The assembly 28 is then fitted onto the support 14 by
force-fitting onto the annular wall 41 in a second assembly
step.

By means of the abutment-forming second skirt 58 of the
fastener piece 48, it is guaranteed that the diffuser member 30
is properly positioned in the cavity 40, and that any air coming
from the outside does indeed pass, by diffusion, through the
air diffuser wall 68 of the member 30 before entering into the
device 10.

In the embodiment of the assembly 28 shown in FIG. 3,
elements similar to elements of the first embodiment are
identified by the same numerical references.

It should be observed that in this embodiment, the air flow
element 54 is a non-return valve or check valve 108. By way
of example, the check-valve 108 is formed by a central disk
110 made of plastics material that is connected to a ring 112
that is molded integrally with the disk 110. The ring 112 of the
check-valve 108 is held clamped between the wall 60 of the
fastener piece 48 and the clamping ring 56. The disk 110, at
rest, takes up a liquid blocking configuration by co-operating
with the wall 60, and when there is suction in the reservoir 12,
it takes up an air flow configuration in which the disk 110 no
longer co-operates with the wall 60 to close the orifice 61, but
enables the air penetrating by diffusion through the wall 68 of
the member 30 to enter into the reservoir. More precisely, the
check-valve 108 functions with a resilient return force that is
non-zero, which implies that it opens only when there exists
a pressure difference between its upstream and downstream
sides. Thus, when the pressure is identical on either side of the
check-valve 108, said check-valve is flattened against its seat.

It should be observed that the check-valve 108 may well
take on forms other than the form shown in FIG. 3. Any type
of check valve may be envisaged, in particular a check-valve
that is closed by the springiness of a material (e.g. a check-
valve of a type often referred to as a “duck bill”) and/or by the
return force of a spring (e.g. a check-valve in the form of a pin
or of a disk that is returned by a spring).

The remainder of the FIG. 3 device is similar to that of the
above-described figures.

It should be observed that the invention is not limited to the
embodiments described above.

In particular, the air diffuser member 30 could take on a
shape different from the shape presented in the figures. For
example, it could comprise a cylindrical or conical shaped
wall 68 presenting a vertex that is closed by a disk-shaped
surface, and an annular fastener collar 70 for fastening on the
endpiece 10. In order to be stiffened, the wall could further
include reinforcement splines that correspond to local
increases in the thickness of the wall 68. In another variant, in
place of or in addition to the reinforcement splines, the dif-
fuser wall 68 could include a plurality of portions in relief that
make it possible to increase the surface area for exchanging
air between the inside and the outside of the reservoir 12, but
without greatly increasing the bulkiness of the member 30.
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The portions in relief are formed in the wall in such a manner
that it preserves its relatively thin thickness so as to allow air
to pass therethrough.

The return means for returning the valve 16 against its
support are not essential, and they are not limited to a spring
washer 20, as shown in FIG. 1. It is also possible to envisage
using a spring, for example.

What is claimed is:

1. A liquid dispenser device, comprising:

an air flow channel for passing air from the outside towards

the inside of a liquid reservoir;

an air diffuser member for closing the air flow channel, said

air diffuser member being made out of a non-porous
polymer material that is permeable to air;

wherein the air diffuser member has one or more sections

that protrude in relief from the air diffuser member;

an isolator casing for isolating the diffuser member, said

isolator casing being configured in such a manner that
the diffuser member is not in contact with the liquid from
the reservoir, the casing including an air flow element for
passing air towards the inside of the reservoir;

said air diffuser member being assembled in said isolator

casing.

2. A device according to claim 1, wherein the air flow
element is a hydrophobic filter or a check valve.

3. A device according to claim 1, wherein the casing
includes a fastener piece for fastening the air flow element,
the piece including a cylindrical skirt in which there is fitted
a clamping ring for clamping the air flow element against the
fastener piece.

4. A device according to claim 1, wherein the casing
includes an end wall and a fastener piece for fastening the air
flow element, the piece including a positioner abutment for
positioning the diffuser member against the end wall of the
casing.

5. A device according to claim 1, wherein the casing
includes an outer surface that defines a liquid flow channel.

6. A device according to claim 5, wherein the liquid flow
channel is a flowrate reducer channel.

7. A device according to claim 1, including a support in
which the air flow channel is formed, and in which the casing
provided with the diffuser member is fitted.

8. A device according to claim 1, wherein the diffuser
member is provided with a plurality of sections in relief.

9. A device according to claim 1, wherein the polymer
material of the diffuser member comprises a silicone rubber
based elastomer.

10. A method of assembling a device according claim 1,
wherein the device includes a support, and the method com-
prises a pre-assembly step of assembling the diftuser member
in the casing, then an assembly step of assembling the casing,
provided with the diffuser member, on the support.

11. A device according to claim 1, wherein the one or more
sections that protrude in relief include clover shaped sections
that protrude in relief in a thickness direction.

12. A device according to claim 1, wherein the one or more
sections extend in a depth direction from the air diffuser
member.

13. A device according to claim 1, wherein the air diffuser
member is at least partially cylindrical or at least partially
conical.

14. A liquid dispenser device, comprising:

an air flow channel for passing air from the outside towards

the inside of a liquid reservoir;

an air diffuser member for closing the air flow channel, said

air diffuser member being made out of a non-porous



US 9,345,616 B2
11 12

polymer material that is permeable to air, wherein the air
diffuser member is at least partially cylindrical or at least
partially conical;

an isolator casing for isolating the diffuser member, said

isolator casing being configured in such a manner that 5
the diffuser member is not in contact with the liquid from
the reservoir, the casing including an air flow element for
passing air towards the inside of the reservoir;

said air diffuser member being inside said isolator casing.

15. A device according to claim 14, wherein the air diffuser 10
member has clover shaped sections that protrude in reliefin a
thickness direction.

16. A device according to claim 14, wherein the air diffuser
member has one or more protruding sections that extend in a
depth direction from the air diffuser member. 15

#* #* #* #* #*



